Herpes simplex virus-2 (HSV-2) can productively infect many different cell types of human and 16 non-human origin. Here we demonstrate interconnected roles for two host enzymes, heparanase 17 (HPSE) and cathepsin L in HSV-2 release from cells. In vaginal epithelial cells and other cell lines 18 tested, HSV-2 causes heparan sulfate shedding and upregulation in HPSE levels during the 19 productive phase of infection. We also noted increased levels of cathepsin L and show that 20 regulation of HPSE by cathepsin L via cleavage of HPSE proenzyme is important for infection. 21 Furthermore, inhibition of HPSE by a specific inhibitor, OGT 2115, dramatically reduces HSV-2 22 release from vaginal epithelial cells. Likewise, we show evidence that the inhibition of cathepsin 23 L is detrimental to the infection. The HPSE increase after infection is mediated by an increased 24 NF-kB nuclear localization and a resultant activation of HPSE transcription. Together these 25 mechanisms contribute to the removal of heparan sulfate from the cell surface, and thus facilitate 26 virus release from cells.
Effect of inhibition of cathepsin L and HPSE on infection
Having established the mechanism through which HPSE is upregulated and activated, we wanted 131 to assess whether the inhibition of HPSE and cathepsin L would affect HSV-2 viral lifecycle. To 132 ascertain the role of HPSE we used a well characterized and commercially available small 133 molecule HPSE activity inhibitor, OGT 2115. This compound functionally blocks HPSE activity, 134 and does not significantly affect its expression (26) . To verify the inhibition of HPSE activity 135 during infection we analyzed the cell surface HS expression. While cell surface HS expression 136 during HSV-2 infection usually decreases, our results after pharmacological inhibition of HPSE 137 showed ( Figure 5A ) a drastic increase in HS expression in both HSV-2 and mock infected cells 138 ( Figure 5B ). Furthermore, we also observed a decrease in HSV-2 infection as measured by GFP 139 reporter activity in the presence of OGT 2115 at 10 µM concentration. (Figure 5C, 5D ). 140 Immunofluorescence microscopy data were in accordance with these results when we used the 141 same HSV-2 GFP reporter virus and the same OGT 2115 concentration. ( Figure 5E ). We also 142 observed a significant decrease in virus production and release using cell culture supernatant 143 plaque assays through 48 hpi ( Figure 5F ). These results suggest that pharmacological inhibition of 144 HPSE using OGT 2115 significantly increases HS expression on the cell surface while reducing 145 the overall viral egress and spread. Next we wanted to understand if the inhibition of cathepsin L, the lysosomal activator of HPSE, 148 would affect HSV-2 viral egress and spread. We used a well characterized and commercially 149 available small molecule inhibitor of cathepsin L, cathepsin L inhibitor IV (27) . Given that active 150 HPSE remains in the lysosomal compartment for a period of 48 hours before it is degraded (28),
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we hypothesized that cathepsin L would need to be inhibited for a period up to 48 hours prior to 152 and during infection to make sure no active HPSE is present throughout. As hypothesized, we saw 161 Through the experiments in previous sections, we were able to establish that HPSE is important 162 for HSV-2 release. Lastly, we wanted to understand if the overexpression of HPSE during a HSV-163 2 infection would be beneficial during viral proliferation. To study this, we overexpressed HPSE 164 in VK2 cells for a period of 24 hours followed by infection with HSV-2 (333) GFP virus at a MOI 165 of 1. The cells were plated without any methylcellulose to allow release and spread of the 7A). It is important to note that although we saw less infection than expected, we normally find 169 less infection in samples that have been previously transfected. Our results were in accordance 170 9 with flow cytometry results ( Figure 7C ), which showed that overexpression of HPSE lead to a 171 faster spread of infection, reaching significance at 36 and 48 hpi ( Figure 7D ). We also observed 172 an increase in released virus after HPSE overexpression ( Figure 7B ) at 36 hpi and 48 hpi. Taken 173 together our results suggest a direct connection between higher levels of HPSE and HSV-2 release 174 in the culture supernatant. 
Effect of overexpression of HPSE during HSV-2 infection

